Introduction {#Sec1}
============

Discussions about the impacts of climate change in the context of nature conservation are moving forward quickly. Understanding and predicting impacts of climate change on living systems is a core focus of much research in biological and environmental sciences (see for example Walther et al. [@CR75]; Parmesan [@CR51]; Peñuelas et al. [@CR54]). These studies reveal the general consequences of climate change for natural and semi-natural ecosystems. For example, climate change effects entail the advance of spring events, lifecycle asynchrony between interacting species, shifts in ranges, relationships of parasites and human diseases, and more (Parmesan [@CR51]). Many such changes have already been documented, from changes in ranges and abundances of species (Walther et al. [@CR75]; Parmesan [@CR51]) to alteration in growth, productivity, and reproductive capacity of populations across the globe (Parmesan [@CR51]; Peñuelas et al. [@CR54]). However, the locally specific effects of increased temperatures vary across the distribution of any given species affecting the dynamics in species composition and interspecific competition (Woodward [@CR79]; Pigott and Pigott [@CR56]).

In the context of varying effects of climate change, climate change ecology has increasingly become an important factor to underpin conservation and management decisions (Hagerman et al. [@CR29]). This is not a new phenomenon, ecological science is known for its long history of influencing policy (Lawton [@CR41]). Commonly proposed policy measures and means to respond to the identified climate change effects relate to the ecological recommendations to expand protected areas, and create ecological corridors of buffer areas adjacent to and in between conservation areas (Hannah et al. [@CR32]; Hannah [@CR31]; Felton et al. [@CR24]; Milad et al. [@CR48]). In other words, the emphasis is on expanding protected areas and enhancing connectivity to ensure species migration and genetic exchange. These recommendations and the knowledge underpinning them seem to have had an effect on conservation policy. For instance, climate change is explicitly linked to German forest conservation policy (Winkel et al. [@CR80]) and the European network of nature areas: Natura 2000 (De Koning et al. [@CR19]). However, these examples of knowledge utilization are fairly general and they say little about the ways in which this knowledge is enacted in management practice. It may well be that its relevance and usefulness is restricted because it often does not tackle the locally specific effects of climate change and their associated variation. This unpredictable character of climate change implies that forest and natural area managers do not have a clear outlook on what precisely will happen in their areas as a result of climate change (Wagner et al. [@CR74]). Moreover, management practices may be institutionalized and historically and culturally embedded and consequently prove difficult to change on the basis of scientific information (Arts et al. [@CR2]).

These considerations warrant further investigation of what happens at the interface between climate change ecology and conservation management. In doing so, we contribute to a growing body of knowledge that has looked at science--society relations and knowledge utilization (Lawton [@CR41]; Jones et al. [@CR36]; Walton and Gray [@CR76]). Specifically, by focusing on the science--management interface we complement studies that hitherto have focused largely on science--policy interfaces (Cash et al. [@CR11]; Wesselink et al. [@CR78]; Turnhout et al. [@CR69]), and we take up the challenges identified in literature (Beck [@CR4]; Robertson and Hull [@CR60]; Turnhout et al. [@CR71]) to put more analytical effort into exploring the knowledge needs of conservation and management practitioners and better attune scientific knowledge making efforts to local action. For this purpose we ask the following questions: how does climate change ecology connect with local conservation and management practices and what knowledge needs can be identified at the science--management interface? In this article, we specifically look at local case studies of European beech (*Fagus sylvatica*) conservation within the European Union's Natura 2000 network of protected areas (Europe's most important nature conservation policy framework). Beech forests fit the objective or our paper because they are a key habitat under Natura 2000 and they are also rather sensitive to climate change.

We analyse the science--management interface by assessing the different existing perceptions on forest management practices and the effects and uncertainties climate change brings. We do this by first discussing relevant insights from studies about science--society relations and the potential of the science--management interface in the context of climate change (see section "[Knowledge utilization in policy and in management](#Sec2){ref-type="sec"}"). Following an overview of research methods (see section "[Methodological approach](#Sec3){ref-type="sec"}"), we then move on to present a summary of ecological effects of climate change for beech forests and their links with European forest policy (see section "[Climate change ecology and policy debates in Natura 2000](#Sec4){ref-type="sec"}"), and describe the local perspectives of local forest managers on climate change, forest management practices and scientific knowledge (see section "[Beech forest conservation in practice](#Sec5){ref-type="sec"}"). We conclude with a summary of the functioning of the science--management interface and its potential in the climate change discussions (see section "[Actionable knowledge for conservation management: towards reflexive monitoring and careful experimentation](#Sec6){ref-type="sec"}").

Knowledge utilization in policy and in management {#Sec2}
=================================================

Scientific and policy discussions of sustainability and environmental governance increasingly focus on the question of knowledge (Beck [@CR4]). As scientific knowledge is traditionally regarded as a crucial input for policy making, it follows that an effective science--policy interface is often seen as an important condition for enhancing sustainability (Petrokofsky et al. [@CR55]; Turnhout et al. [@CR71]). These messages are also found in conservation biology (see for example Hunter [@CR34]; Meffe [@CR46]; Robertson and Hull [@CR60]). This finding is not surprising since conservation biology is often described as a mission-oriented discipline that aims to produce scientific knowledge in order to contribute to the conservation of nature and biodiversity. These sentiments are clearly reflected by Robertson and Hull ([@CR60], p. 978) when they state that the "goal of conservation biologists should be to make the science of conservation biology more relevant to the regulation, politics, management and litigation of biological conservation".

For science to make such a contribution to policy, the science--policy interface needs to be effective. However, forging mutually fruitful relationships between science and policy has proven to be a difficult task (Boehmer-Christiansen [@CR7]). Several conditions for knowledge use and productive science policy interfaces have been identified that emphasize the importance of, amongst others, (1) credibility, relevance and accessibility of knowledge, (2) the communication skills of knowledge producers, and (3) the receptiveness of knowledge users (Jones et al. [@CR36]). Apart from these obvious challenges, it must be recognized that, in general, scientific knowledge does not unequivocally translate into alternatives for action, and that policy makers have to be responsive to a wide variety of inputs, of which scientific knowledge is only one, and often not the most important one (Boehmer-Christiansen [@CR7]; Lawton [@CR41]; Walton and Gray [@CR76]; Wesselink et al. [@CR78]). Moreover, research on the science policy interface in the environmental domain has shown that this interface of knowledge and policy is dynamic, and characterised by complex interactions between knowledge producers and users that result in policy alternatives with markedly different outcomes. These outcomes range between those rare cases of instrumental take up of knowledge, to use of scientific concepts and ideas to accommodate conflict and facilitate political compromise, to controversies in which the opponents use competing knowledge claims to underpin their respective positions (Turnhout et al. [@CR69]; Sarewitz, [@CR63]; Memmler and Winkel [@CR47]). This process, dubbed the politicization of scientific knowledge (Weingart et al. [@CR77]), has the potential to significantly hamper effective knowledge utilization (McCright and Dunlap [@CR45]).

These findings, together with the general idea that policy decisions do not implement themselves but require active translation into practice, warrant further exploration of other avenues in which scientific knowledge might have a role to play. In the case of conservation, it is therefore important to look not only at what happens at the science--policy interface but also to consider the science--management interface. Although research on the science--management interface is increasing, it is still less common compared to the science--policy interface (Roux et al. [@CR62]). Studies by Bocking ([@CR6]), Bradshaw and Borchers ([@CR8]) and Roux et al. ([@CR62]) suggest that knowledge flows between scientists and local forest managers are complex and that barriers to knowledge use between science and practice might differ from the science--policy interface in important ways. These differences can be related to the inherently practical character of management. While in policy debates, scientific knowledge often plays an important role in defining a policy problem, setting the political agenda, or legitimizing policies; management practices are more acutely confronted with the question of "what to do out there". In such a comparatively less politicized context, the "big" questions of whether climate change is real and how societies and policies can or need to respond to it arguably matter less, and practical action and day to day decision making take centre stage. This practical action is inevitably influenced by a wide variety of---often tacit---knowledges and considerations (see Cortner and Moote [@CR16] for a relevant overview of the multiple factors that influence current day ecosystem management). In other words, while policy makers are embedded in the "political", forest managers are embedded in the "practical".

Consequently, one may argue that management practice is perhaps a more relevant recipient of scientific knowledge than policy because management is faced with the need to draw practical decisions in order to make progress in adapting to climate change. In light of the important potential of conservation management as a productive avenue in which scientific knowledge can be connected with meaningful action on the ground (Sutherland et al. [@CR68]), it is vital to further explore what happens at the interface between science and management, including potential barriers for knowledge use.

Methodological approach {#Sec3}
=======================

In the following sections, we first summarize the impact of climate change on Beech forests and policy responses to climate change in Natura 2000 to identify the role of scientific knowledge on climate change in forest and nature conservation issues with a focus on ecological effects and policy responses. Subsequently, we present the findings from a selection of interviews in local cases of beech forest conservation in Austria, Germany, France, Netherlands, Spain and the United Kingdom. These interviews are part of a large international comparative research project. In this framework of research, 188 (semi) structured interviews were conducted between 2011 and 2012 with relevant stakeholders at different administrative levels such as forest managers, private owners, policymakers at different administrative levels, scientists, ecologists, etc. These respondents were selected because of their direct relation with the researched cases. The interviews included a set of questions about general issues of Natura 2000 implementation and forest conservation and management and the issue of climate change. Regarding climate change, two specific questions were asked: (1) How important is climate change in the context of Natura 2000 and forest management? (2) How does climate change affect your management and/or policy decisions? All interviews were recorded and transcribed.

For the analysis of the data, we focused on those interviews conducted with local forest managers that addressed climate change at the management level more specifically, beyond general and abstract statements. In this article, forest managers are those actors that are involved in forestry and nature conservation, owners of private forests and local forest management experts. This is a diverse group with different interests and ideas. On the basis of these criteria, 30 interviews were selected for further analysis. The fragments focusing on climate change were coded by the first author. Coding allows for categorization and abstraction (Miles and Huberman [@CR49]; Spiggle [@CR66]). Categorization included the responses to climate change, the importance of science, and the effect climate change has on forest management. This was followed by an abstraction of the categories into more general ones (Spiggle [@CR66]). From this, three abstract categories emerged that were typical for the whole interview fragment. These findings were then presented to and discussed with all project researchers/co-authors responsible for data collection to ensure validation of the results.

Climate change ecology and policy debates in Natura 2000 {#Sec4}
========================================================

In spite of a certain consensus on the general effects of climate change, discussion about uncertainties and the complexity of climate change remains. There is the general issue of uncertainty related to climate change predictions themselves that can only be made based on modelling. In general terms, however, the poleward extent of a species is commonly determined by low temperatures, whereas in the opposite (equatorial) direction, unfavourable water balance often limits the species spread. Additionally, interspecific competition can play an important role at both margins (Woodward [@CR79]; Pigott and S, [@CR56]). Whereas increasing temperatures can drive the expansion of populations towards higher altitudes and latitudes at the advancing edge of the species geographical distribution, growth decline and population retreat is more commonly reported at the low altitude/low latitude margin (Jump et al. [@CR38]). Yet it remains difficult to exactly predict or single out the climatic effects on forest and nature conservation, as there are many additional factors, including competition, land use, soil type, pests and pathogens that act individually and in combination to influence, for example, the distribution and dynamics of a species (Davis et al. [@CR18]; Pearson and Dawson [@CR52]). Consequently, despite relatively clear general predictions of climate change impacts at a regional scale, it is difficult to scale precise predictions to population level due to high spatial and/or temporal variability in local weather and interacting factors such as those outlined above (Jump et al. [@CR39]).

Yet, regardless of these uncertainties related to climate change and its impacts, there is consensus that---amongst temperate deciduous broadleaved trees---European beech is particularly drought sensitive, making this species highly susceptible to increasing drought intensity and duration associated with increasing temperatures throughout its range, but particularly at the southern range-edge of the species (Rennenberg et al. [@CR59]; Geßler et al. [@CR25]; Peñuelas et al. [@CR53]; Kramer et al. [@CR40]). Recent work across the equatorial range edge of this species has identified significant declines in the growth of adult individuals, with a substantial fall in recruitment also recorded in some of the same populations (Jump et al. [@CR37]; Peñuelas et al. [@CR53]; Piovesan et al. [@CR57]; Barbeta et al. [@CR3]; Maxime and Hendrik [@CR44]). Such case studies highlight that populations at the southern margin of this species distribution are frequently highly ecologically marginal and many are unlikely to persist as the climate continues to warm (Kramer et al. [@CR40]; Czucz et al. [@CR17]). The combination of growth decline and reproductive failure of beech in some areas of its range is resulting in population decline and replacement by other species, as is already being witnessed in Catalonia where evergreen holm oak (*Quercus ilex*) dominated forest is replacing beech forest (Peñuelas et al. [@CR53]).

Although species distribution models highlight the general vulnerability of southern range edge populations of beech to rising drought stress (Kramer et al. [@CR40]), population decline is not predicted to be limited only to the very southern margin of its distribution, nor is universal decline across the southern range-edge of this species likely. Populations close to the geographical core of the species distribution are predicted to become ecologically marginal if water balance becomes unfavourable as the climate warms, for example where they occur on thin soils with low water-holding capacity (Rennenberg et al. [@CR59]; Broadmeadow et al. [@CR9]; Geßler et al. [@CR25]). Indeed, recent work has highlighted that past severe drought has had a persistent impact on the growth of this species in its core distributional area (Cavin et al. [@CR12]). In contrast, even in the very southern areas of this species distribution, relict populations may persist due to favourable microclimatic conditions (Jump et al. [@CR39]; Hampe and Jump [@CR30]). Furthermore, past management activity is likely to have altered both the distribution of populations and the longevity of individuals (Jump et al. [@CR38]; Sjölund and Jump [@CR65]). Consequently, anthropogenic impacts on the growth and distribution of this species add significant uncertainty to distributional shifts modelled using climate-based predictions (Chen et al. [@CR13]; Rabasa et al. [@CR58]). Whereas we know that there will be a general shift of this species distribution northward and upward in altitude as the climate warms, at the local level we cannot be certain about which populations will decline first or fastest without a substantial increase in detailed stand-level data (Jump et al. [@CR39]).

Thus, based on the insights from climate change ecology, there are policy challenges pertaining to the effectiveness of beech forest conservation that require a response. These challenges are grounded in ecological knowledge, but have a clear (conservation) policy dimension as well. In the context of Natura 2000, two possible responses can be identified (De Koning et al. [@CR19]). On one hand, policymakers have interpreted the challenge resulting from climate change as a plea for strengthening the implementation of the policy. In this line of thinking, the resilience of Europe's habitats must be increased by better protecting habitats against additional stressors resulting from habitat fragmentation, intensive land use for commodity production, etc. In line with this response, it is seen as an important, additional measure to increase ecological connectivity through protecting corridors and integrating conservation objectives in the management of areas outside the protection regime (Brooker et al. [@CR10]; Cliquet et al. [@CR14], [@CR15]; Huntley et al. [@CR35]). Yet, in this perspective, the basic concept of habitat and species protection under Natura is seen as adequate even under a changing climate This policy rationale is supported by arguments of conservation scholars that consider Natura 2000 protection to be feasible in a changing climate (Dodd et al. [@CR21]; Ellwanger et al. [@CR22]; Evans [@CR23]).

On the other hand, other policy stakeholders use evidence of climate change ecology in a rather different way. In this perspective, Natura 2000 is frequently framed as being too static and inflexible given the predictions on changing environments as a result of climate change (De Koning et al. [@CR19]). The central claim under this perspective is that a 'static' conservation of species and habitats at the place where they currently occur cannot be maintained with respect to climate change. This perspective argues for a flexible and arguably 'softer' implementation of Natura 2000 that leaves considerable scope for tailor-made management decisions and measures. Again, this perspective can use conservation science arguments to back its arguments, as the Natura 2000 conservation framework is also seen as being too static by some conservation scholars that underline the necessity to revise it given the growing evidence of climatic changes (Cliquet et al. [@CR14], [@CR15]; Araújo et al. [@CR1]).

Thus, each of these two policy responses can in principle be seen as a legitimate, rational, and science-based response to climate change. However, they have different consequences in practice and they are promoted by different groups of actors with different interests. While the first response is preferred by the European Commission, in particular the DG Environment, and Environmental Non-Governmental Organizations, the second response is preferred by forest land owners and other forestry actors (De Koning et al. [@CR19]). The debates between these two responses and the actors promoting them illustrate the politicization of science at the science policy interface alluded to earlier. The point is not to claim that one or both of these coalitions misuse scientific knowledge to further their interests---although this may occasionally be the case---but rather to show that in a political context, scientific knowledge is ultimately ambiguous and can be legitimately used to underpin different policies, interests, and decisions.

Beech forest conservation in practice {#Sec5}
=====================================

The results of the interview data on practitioners' responses to climate change paint a different picture when compared to the rather polarized and policy discourses. First, practioners' responses do not reflect the identified challenges for beech management and conservation under climate change. Second, scientific recommendations for forest management apparently have not affected management practices much. Despite a great deal of research, and high profile debate, climate change is not a prominent topic amongst most practitioners and changes in management practices seem to be only weakly driven by scientific recommendations. In what follows we will discuss the three issues that were identified most in our data: (1) the complexity and uncertainty of climate change and concomitant scientific knowledge; (2) the embeddedness, or fixedness, of forest management practices; and (3) the role of practical expertise and knowledge.

First, uncertainty is a major component in the debates on climate change effect for forest managers as forest managers struggle with the abstract character and the long term planning climate change requires (De Koning et al. [@CR19]; Hoogstra and Schanz [@CR33]). Our findings suggest that the uncertainties involved in predictions about the local effects of climate change make it difficult for forest managers to prioritise climate change in their practices. Consequently, most of the interviewed forest managers do not consider climate change as an important issue that requires (immediate) action.[1](#Fn1){ref-type="fn"} As one of our respondents explained:""Climate change is very slow. I think that this is not something that generally worries people in their everyday life. People can be curious but I am not sure if climate change is the main thing that the managers currently worry about." (Local forest researcher, Spain)"

Many respondents argued that it is perhaps not very useful or effective to attempt to respond to climate change because of the overwhelming force of climate change and the uncertainties in scientific projections:"".... I don´t know if we can fight against \[climate change\], from a practical point of view. I mean, it may all be very nice in a sort of academic way to say "it must be conserved as a beech forest". But historically, we know that planting beech on the site gives us good results, but if the climate is not going to help us, or deer damage is going to be too much, then we might be fighting a losing battle." (Forest manager, UK)""".... how would one like to react in view of climate change? \[...\] There is basically no clear climate model that describes how it would look like here. There are only assumptions, but no there is no clear model. (Forest manager, Austria)"

Although these quotations suggest that scientific knowledge is relevant, it is unlikely to be very influential in practice. Several forest managers feel that science has yet to come up with locally specific and updated information about what will happen in the forests:""I have to say that I am not an expert. I cannot estimate \[the consequences of climate change\]. Of course, if the temperatures are increasing then everything moves into the higher alpine regions. This will clearly be an issue and will have an impact ... But how to deal with it practically? I don't know." (Forest manager, Austria)"""The main problem around the issue of climate change is that the scientific community still cannot offer practical recommendations at management level." (Local forest expert, Spain)"

Thus, it seems that the available scientific knowledge does not match the perceived needs of forest managers. However, even if complete and detailed scientific knowledge were present, this does not mean that forest management practices are easily changed. Rather, change is difficult to bring about as there are costs involved and climate change adaptation generally requires a lot from forest managers in terms of effort, commitment and resources, which brings us to the second issue: the embedded character of management practices in forest and nature conservation. In this article, the concept of embeddedness follows the definition of 'situated agency' (Bevir [@CR5]) and refers to the degree in which forest management practices are affected by routinized practices, resources, expectations, social and organizational structures and dilemmas. Many forest managers highlighted the somewhat limited room for manoeuvre that determines their ability and willingness to change management practices. These are expressed in the quotations below:""Look, when we constructed the management plan, we already brought up the issue \[of climate change\]. It is getting worse with this climate change, the whole politics surrounding it, the intensity of it, so to say. There was a big party when we were done \[constructing the management plan\], but it is already outdated because of continuing changes. Imagine how outdated it will be in 10 years! And they \[the forest organizations\] really do not want to invest another €100.000 in a new plan." (Forest manager, the Netherlands)"""As long as nobody can tell me exactly in which direction the \[climate change\] development really goes, I think, I will not jump from one day to another \[...\]. So I say, let us wait for now. Waiting for too long is, I think, also not good. But to jump from one day to another with this level of climate knowledge and to say that this is what we do and we initiate programmes which will be effective for the next 120 years? That seems too risky to me!" (Forest manager, Austria)"

Change is also difficult because of the wide variety of factors that influence management practices. Forest managers frequently collaborate with other stakeholders in and outside the forestry realm. This results in different factors that may impact on management practices and decisions. The next quote shows that decisions related to forest management also relate to the wider context of the landscape and different land use practices""So, you use the expertise of different local organizations. \[...\] if you keep an eye out for climate change, you can take certain steps to diminish the damage or maintain the status quo. At least not make the situation become worse, you know. Look, it is a matter of time, but you do try to sketch an image of all the consequences based on what you know. What happens with the Broekbossen \[wet forests\], what happens with the Natte hooilanden \[wet hay meadows\], how are things with the nitrate emissions in agriculture? All these things have to be combined." (Forest manager, the Netherlands)"

Taken together, our discussion on the current lack of practical solutions offered by science and the local embeddedness of forest management practices has implications for what type of knowledge is relevant for forest management. And with that we arrive at the third issue often mentioned by forest managers: practical knowledge and expertise. Over the whole, scientific knowledge is perceived to present only general solutions to general issues. It does not appear to connect to the particularities of forest management practices and some forest managers are becoming somewhat cynical about the value of scientific knowledge in the context of climate change:""Nobody knows exactly what will happen in the future. It is good to talk about that, but you should not give ready-made solutions and generate slightly general cooking recipes that say: 'we need to plant cedar tree here, we need to plant that species there, or we need to clear cut the forest stand'." (Forest manager, France)"

Instead of waiting for complete and certain scientific information, several forest practitioners are even considering taking a more pro-active attitude and rely on their own expertise in thinking about other forest management practices in the context of climate change:""I think what happens is that knowledge about species often is only so far as it got. And there are lots of other options and models and changes and things about climate in any particular year. And it's about the intensity of the operation or something else. But there shouldn't be too many restrictions because you miss opportunities. I definitely think that nature conservation is very much about precaution. And actually it should be much more opportunistic. It should be trying...trying lots of different things that fit lots of companies' or organizations' or owners' models. (Forest manager, UK)"""We should not only wait for scientific evidence but also experiment more to improve biodiversity in the light of climate change." (Forest manager, the Netherlands)"

These quotations point to the importance of future oriented forms of experimentation in management practice where the active seeking of opportunities and the monitoring of the effects of these practices may be more important than accurate scientific predictions of climate induced changes. The knowledge needed to guide these practices is not just the product of scientific inquiry but requires input from conservation managers and has to build on existing practitioners' networks because, as the quotation below illustrates, good for collaboration:"Yes, \[good relationships with other foresters\] have huge advantages. Because you know them, we work in other areas together. \[...\] So it is really a quick phone call and they say "What does that mean for me? How do you see it? Would we, could we, should we?..." And that is a great advantage." (Forest manager, Germany)"

The knowledge that is produced in these networks may not be able to predict the precise effects of climate change in different areas, but it does have the potential to be future oriented, actionable and linked to the lived experiences and daily realities of forest managers. We will discuss this issue further in the next section.

Actionable knowledge for conservation management: towards reflexive monitoring and careful experimentation {#Sec6}
==========================================================================================================

This article set out to explore the science--management interface in the context of forest management under climate change and compare this with the scientific and policy debates about climate change in the context of beech forest management under Natura 2000. A clear finding is that the climate change debates and the role of knowledge in it are affected by the great uncertainty that surrounds climate change. Scientific knowledge on climate change may be able to predict the general consequences of climate change with some degree of certainty, yet it cannot provide information on the effects at the micro level. We saw that among some forest managers, the uncertainties and ambiguities of climate change knowledge resulted, on one hand, in rather passive attitudes and even scepticism amongst forest managers towards scientific knowledge and European conservation policies. On the other hand, we also observed more future-oriented, pro-active attitudes among forest managers. These forest managers rely on their own expertise and networks to make forest management decisions and adapt to climate change in practice.

Our findings further suggest that the science management interface appears to be less politicized than science policy interfaces. Instead of polarized debates as for example documented in De Koning et al. ([@CR19]), we found the science management interface to be characterized by complexity and practicality. First, forest managers found it difficult to act upon the knowledge provided by climate change ecology, not only because it was not precise enough about the exact effects on their areas, but also because of a lack of practical recommendations to respond to climate change at the stand level. Second, forest management practices are seen by forest managers to be embedded in long-term professional routines and scientific knowledge could not be easily fitted into on-going daily practices and concerns. Third, forest managers have constructed their knowledge and experience, based on expertise and other inputs; they have specifically adapted to their situation and scientific knowledge does not always perfectly relate to it.

Thus, there are clear limitations to the relevance and usefulness of scientific knowledge for management practices. At the same time, there is a need to move forward and to come up with new perspectives for forest managers. We propose that, in a context of climate change and forest management, we perhaps need a different sort of knowledge: one that is produced and situated in management practice itself. As the availability of complete and precise knowledge is unlikely and perhaps even impossible, the ease with which knowledge can be translated into action necessarily overrides concerns over its accuracy and scientific validity (Palmer [@CR50]; Turnhout et al. [@CR70]). Such actionable knowledge is less concerned with describing the system, identifying general patterns of causality or predicting future impacts of climate change, than with designing options, reflexively monitoring their effects, and adapting to changing circumstances. To be sure, we do not wish to downplay the importance of science in providing crucial insights into trends, patterns and changes in ecosystem. Rather, we argue that in the context of irreducible uncertainty and complexity, science is not sufficient as input for management practice (also see Cortner and Moote for a similar argument) and that we need more than just better communication, translation and integration of scientific knowledge as a solution for better knowledge uptake in management as is often suggested in the literature (e.g. Stevanov et al. [@CR67]).

This idea of actionable knowledge fits well with the more pro-active and experimental forms of climate change adaptation that are advocated by some of our respondents. This suggestion also dovetails with current discussions about experimentation in conservation (Lorimer and Driessen [@CR43]; Gross [@CR27]; Gross and Hoffmann-Riem [@CR28]) that also argue for a greater role of practical and local knowledge in conservation. As Lorimer and Driessen ([@CR43], p. 10) put it: "ecological management \[...\] involves forms of practical expertise that are attuned to the diverse and surprising becomings of any ecological complex". The systematic monitoring of these experiments and interventions is of vital importance as this may generate knowledge about what works and under what conditions (Sutherland et al. [@CR68]). Reflexive monitoring has two important characteristics when compared to dominant views of science (for a comprehensive overview see Van Mierlo et al. [@CR72]). First, monitoring takes place in the direct context of the intervention and encourages all involved stakeholders to reflect on the different effects of management interventions. Second, it includes not just knowledge about nature, but also about social issues and the perspectives, values and ideas of all actors involved (Wadsworth [@CR73]; Schut et al. [@CR64]). Thus, reflexive monitoring has important potential to create inclusive processes that connect doing and knowing in locally meaningful ways. As the monitoring information and management interventions are necessarily the result of collaboration between scientists and managers, it is clear that the role of scientific experts in these processes changes from distant providers of knowledge to much more engaged roles of facilitators, brokers or participatory experts (Roux et al. [@CR62]; Turnhout et al. [@CR70]).

Although these forms of knowledge and roles may be uncomfortable for many scientists and raise concerns related to independence and objectivity, they may be exactly what is needed for more effective conservation practice (see Robertson and Hull [@CR60] for a similar plea). Forest managers have innate knowledge about the small but crucial differences climate change can make to their forests and could augment our understanding of likely climate change impacts derived from more formal scientific study. Their knowledge, therefore, needs to be harnessed more effectively. Furthermore, the co-generation of knowledge, through reflexive monitoring, can contribute substantially to bridging the 'gap' between scientists and practitioners. As this article has shown, 'pure' science cannot solve the big uncertainties that surround climate change and that we should not strive for ever more accurate predictions alone. Instead, what is needed are news ways of thinking about connecting knowledge and action. It was Hagerman et al. ([@CR29]) that stated that climate change requires a reconsideration of conservation objectives. We wish to add to this statement that it also requires a reconsideration of climate change knowledge, its most relevant recipients, and concomitant roles of science.

The low level of importance forest managers attribute to climate change in this selection of interviews (*N* = 30) is consistent with the low level of importance expressed by most interviewed stakeholders in the local case studies part of the large international comparative study (*N* = 188) (De Koning et al. [@CR19]).

The data used for this paper were collected within the European BeFoFu project ([www.befofu.org](http://www.befofu.org)). BeFoFu is funded by national funding agencies (Austrian Wissenschaftsfond, the French Agence Nationale de la Recherche, the German Federal Ministry of Education and Research, The Netherlands Organisation for Scientific Research, the UK Natural Environment Research Council and the UK Department for Environment, Food, and Rural Affairs). We are grateful to our funders and the experts that devoted their time for the interviews.

[^1]: Communicated by Georg Winkel.
